To provide a quantitative assessment of the association between excess body weight, interpreted as increased body mass index (BMI), and the risk of gallbladder cancer (GBC). METHODS: We identified eligible studies in Medline and EMBASE up to 1 February 2015, and reference lists of retrieved articles. Summary relative risks with their 95% confidence intervals were calculated in a random-effects model. Subgroup analyses were performed according to study design, gender, geographic location, ascertainment of exposure and adjustment for confounders. RESUITS: A total of 12 cohort studies and 8 case-control studies were included in the meta-analysis. Overall, compared with "normal" weight, the summary relative risks of GBC were 1.14 (95% CI, 1.04-1.25) for overweight individuals (BMI 25-30 kg/m 2 ) and 1.56 (95% CI, 1.41-1.73) for obese individuals (BMI > 30 kg/m 2 ). Obese women had a higher risk of GBC than men did (women: SRRs 1.67, 95% CI 1.38-2.02; men: SRRs 1.42, 95% CI 1.21-1.66), and there was significant association between overweight and GBC risk in women (SRRs 1.26, 95% CI 1.13-1.40), but not in men (SRRs 1.06, 95% CI 0.94-1.20). CONCLUSIONS: Findings from this meta-analysis indicate that obesity is associated with an increased risk of GBC, especially in women. Overweight is associated with GBC risk only in women.
Introduction
Gallbladder cancer (GBC) is a highly fatal malignancy that differs from other cancers of the biliary tract, as being approximately two to five times more common in women than in men [1] . Prognosis of GBC remains poor due to its late clinical presentation, lack of effective non-operative therapy, and rapid turnover [2] .
It has been established that history of gallstone is the leading cause of gallbladder cancer worldwide [3] . Additionally, genetic susceptibility, lifestyle factors, smoking, alcohol consumption and diabetes mellitus (DM) also increase the risk of GBC [4] [5] [6] [7] . Excess body weight, interpreted as overweight (BMI 25-30 kg/m 2 ) or obesity (BMI > 30 kg/m 2 ), is increasingly recognized as an important risk factor for various cancer types. Over the past decades, evidence from clinical studies has addressed the possible link between excess body weight and risk of GBC, but the findings have been somewhat contradictory. Early studies found no statistically significant results [8] [9] [10] , whereas recent studies did observe a significantly increased risk [11, 12] .
Our clinical observations indicate a high frequency of obesity among patients with GBC. In the present study, we therefore carried out a systematic review and meta-analysis of all available evidence of observational studies following the meta-analysis of observational studies in epidemiology (MOOSE) guidelines [13] to clarify the association between excess body weight and risk of GBC (Tables S1 and S2 ).
Materials and Methods

Search Strategies
Two authors independently performed a literature search using Medline and EMBASE database up to 1 February 2015 with the following text words and/or Medical Subject Heading (MeSH) terms: "body mass index", "BMI", "overweight", "obesity" or "excess body weight", combined with "gallbladder cancer", "gallbladder neoplasm" or "biliary tract cancer". We also reviewed the reference lists of retrieved articles to search for additional studies. No language restrictions were imposed.
Study Selection Criteria
Published articles were included according to the following criteria: (1) the outcome of interest was GBC incidence or mortality; (2) the exposure of interest was overweight or obesity defined by BMI; (3) estimates of odds ratio (OR) or relative risk (RR) with corresponding 95% confidence intervals (CIs) (or data to calculate them) were reported. Two authors independently evaluated all of the studies retrieved from the databases. Any discrepancies between the two reviewers were solved by joint reevaluation of the manuscript. If there were multiple publications from the same study, the most comprehensive one which could provide detail information for subgroup analysis was selected, using other publications to clarify methodology or characteristics of the population.
Data Extraction and Quality Assessment
Three authors independently evaluated all of the studies retrieved according to the aforementioned inclusion criteria. Discrepancies between the three reviewers were solved by a joint reevaluation of the original article. The following information from each included study was extracted: the first author's last name, geographic location, year of study conducted, sample size, study design, gender and age of participants, duration of follow-up (cohort studies), BMI categories, assessment of BMI (measurement versus self-reported), and the effect estimates with 95% CIs. When studies provided more than one RR, we extracted all of them and applied the data according to subgroup analysis. The quality of each study was assessed independently by three reviewers using the Newcastle-Ottawa Scale (NOS). The NOS consists of three parameters of quality: selection, comparability, and outcome (cohort studies) or exposure (case-control studies). The NOS assigns a maximum of four points for selection, a maximum of two points for comparability, and a maximum of three points for exposure or outcome [14] . Any discrepancies between reviewers were addressed by a joint reevaluation of the original article.
Statistical Analysis
To examine associations between overweight/obesity and the risk of GBC, we computed SRRs for two categories of BMI as defined by the World Health Organization (WHO) for adults: overweight (BMI 25-30 kg/m 2 ) and obesity (BMI > 30 kg/m 2 or a discharge diagnosis of obesity) compared with "normal" weight (BMI 18.5-24.9 kg/m 2 ). If studies reported relative risk separately for men and women, we combined the gender-specific estimates to the pooled analysis. When non-standard BMI categories were provided, we selected the category that was most closed to those defined by the WHO. Summary relative risk (SRR) estimates with their corresponding 95% CIs were combined in a random-effects model. Subgroup analyses were performed according to study design (cohort and case-control studies), gender (men and women), and geographic location (non-Asia and Asia), BMI assessment (measurement and self-reported), Follow-up time (>10 years and <10 years), smoking status (smokers and non-smokers), Alcohol abuse (Yes and No). We performed sensitivity analysis to estimate the influence of each individual study on the summary results by repeating the random-effects meta-analysis after omitting one study at a time.
To investigate the sources of heterogeneity across these studies, we performed heterogeneity test, and sensitivity analysis. In heterogeneity test, we used the Cochran Q and I 2 statistics [15] , which were used to test whether the differences found between studies were due to chance. For the Q statistic, a p-value of less than 0.10 was considered statistically significant heterogeneity. Publication bias was evaluated using funnel plots and the Egger's test [16] . In the presence of publication bias, we used the "trim and fill" method to correct such bias [17] . Meta-analyses were performed using STATA12.0 (StataCorp., College Station, TX, USA).
Results
Search Results and Study Characteristics
A total of 883 citations were identified through the literature search. Among the 883 citations, 34 were potentially relevant to the meta-analysis.
Among the 34 full text articles, eight studies were not associated with GBC risk, three studies were excluded because gallbladder cancer was not distinguished from extra-hepatic bile duct cancer, and three studies did not provide RR with corresponding CI (or data to calculate them). Finally, a total of 12 cohort studies [8, 9, 11, [18] [19] [20] [21] [22] [23] [24] [25] [26] (involving 5101 cases) and 8 case-control studies [10, 12, [27] [28] [29] [30] [31] [32] (involving 1013 cases and 43,591 controls) with data on BMI and/or obesity related to GBC incidence were included in the meta-analysis (Figure 1 ). The main characteristics of the included studies were summarized in Tables 1 and 2 . 15 studies were of high quality (NOS ě 7). Five studies were of acceptable quality (NOS < 7).
to calculate them). Finally, a total of 12 cohort studies [8, 9, 11, [18] [19] [20] [21] [22] [23] [24] [25] [26] (involving 5101 cases) and 8 casecontrol studies [10, 12, [27] [28] [29] [30] [31] [32] (involving 1013 cases and 43,591 controls) with data on BMI and/or obesity related to GBC incidence were included in the meta-analysis (Figure 1 ). The main characteristics of the included studies were summarized in Tables 1 and 2 . 15 studies were of high quality (NOS ≥ 7). Five studies were of acceptable quality (NOS < 7). 
Quantitative Data Synthesis
As shown in Figure 2A ,B, meta-analysis of the 20 studies in a random-effects model found that a statistically significant positive association was observed between BMI and GBC risk (overweight: SRRs = 1.14, 95% CI = 1.04-1.25, Q = 23.85, I 2 = 24.9%; obesity: SRRs = 1.56, 95% CI = 1.41-1.73, m, I 2 = 15.4%) compared to "normal weight". We then performed subgroup analyses by study design, gender, geographic location, ascertainment of exposure and adjustment for confounders, as shown in Table 3 . NA data not applicable; m, male; f, female; a relative risks are rate ratios, odds ratios, or standardized incidence ratios; b combined whites and blacks; c combined obesity and family obesity.
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Nutrients 2015, 7, 8321-8334 RRs = 1.14, 95% CI = 1.04-1.25, Q = 23.85, I 2 = 24.9%; obesity: SRRs = 1.56, 95% CI = 1.41-1.73, = 37.26, I 2 = 15.4%) compared to "normal weight". We then performed subgroup analyses by study esign, gender, geographic location, ascertainment of exposure and adjustment for confounders, as hown in Table 3 . In stratified analysis by study design, a statistically significant positive association between BMI and GBC risk was observed for the cohort studies (overweight: SRRs = 1.15, 95% CI = 1.02-1.29; obesity: SRRs = 1.62, 95% CI = 1.45-1.81). Moreover, in cohort studies with follow-up time >10 years, overweight and obesity were strongly associated with incidence of GBC (overweight: SRRs = 1.12, 95% CI = 1.00-1.27; obesity: SRRs = 1.65, 95% CI = 1.49-1.83), while only overweight was observed associated with GBC risk in cohort studies with follow-up time < 10 years (SRRs = 1.52, 95% CI = 1.06-2.19). For the case-control studies, only obesity was strongly associated with GBC risk (SRRs = 1.37, 95% CI = 1.10-1.71). The SRRs of GBC incidence for obesity in population-based case-control studies was 1.43 (95% CI = 1.09-1.89); no significant association between obesity and GBC risk was observed in hospital-based case-control studies.
A significant gender-specific difference was observed in the association between obesity and GBC risk, and obese women had a higher risk of GBC (women: SRRs = 1.67, 95% CI = 1.38-2.02; men: SRRs = 1.42, 95% CI = 1.21-1.66). However, overweight men are not associated with risk of GBC (SRRs = 1.06, 95% CI = 0.94-1.20).
In stratified analysis by geographic location, the association between obesity and the risk of GBC was similar for both Asia and non-Asia (Table 3 ). For non-Asians, overweight was strongly associated with GBC incidence (SRRs = 1.14, 95% CI = 1.05-1.25; no significant association between overweight and the GBC risk was observed for Asians. In stratified analysis by BMI ascertainment, both overweight and obesity had a higher risk of GBC in self-report studies
In addition, when stratified by potential confounders, overweight people with smoking and alcohol consumption were strongly associated GBC risk, no significant association between overweight and the risk of GBC was found in those without smoking and alcohol consumption (non-smokers: SRRs = 1.14, 95% CI = 0.98-1.32; non-alcoholics: SRRs = 1.08, 95% CI = 0.98-1.19), indicating that smoking and alcohol consumption are positive confounders. No differences were observed in the association between obesity and GBC incidence when stratified by smoking and alcohol consumption.
Sensitivity Analyses and Publication Bias
In the sensitivity analyses, we removed one study at a time and calculated the SRRs. We found that there were no changes in the direction of effect when any one study was excluded, supporting the robustness of our results. For example, when the study of Engeland et al. [19] was excluded (which seemed to have a strong influence on the estimate of effect), the SRR remained similar with the overall pooled RRs (SRRs = 1.15, 95% CI = 1.03-1.28, I 2 = 17.8%).
No indication of publication bias was observed in the literature on BMI and GBC risk in overweight group based on the Egger's test (p = 0.483) results ( Figure 3A) . For BMI and GBC risk in the obesity group, the funnel plot showed a little asymmetry ( Figure 3B ), indicating some evidence of bias. However, when the "trim and fill" approach was performed, data was unchanged, suggesting that the effect of publication bias could be negligible. 
Discussion and Conclusions
In this meta-analysis, we found that overweight and obesity were associated with 14% and 56% excess risk of GBC, respectively. Our results are consistent with previous studies that the association between obesity and GBC risk was higher in women than men. Women with overweight had a higher risk of GBC, while no significant association between overweight and the GBC risk was observed for men.
Several biological mechanisms were hypothesized for the possible carcinogenesis of gallbladder associated with excess body weight. Obesity is often accompanied with metabolic syndrome, characterized by insulin resistance, hyperglycemia, dyslipidemias, and hypertension [33] . In obese adults, alterations occur in the circulating levels of insulin, insulin-like growth factor (IGF)-1, 
Several biological mechanisms were hypothesized for the possible carcinogenesis of gallbladder associated with excess body weight. Obesity is often accompanied with metabolic syndrome, characterized by insulin resistance, hyperglycemia, dyslipidemias, and hypertension [33] . In obese adults, alterations occur in the circulating levels of insulin, insulin-like growth factor (IGF)-1, adipokines, inflammatory factors, and pro-inflammatory cytokines. These mediators associated with the obesity, contribute to cancer-related processes, including growth signaling, inflammation, and vascular alterations [34] . Furthermore, obesity and metabolic syndrome are risk factors for gallstone disease [35] , which may indirectly increase the risk of GBC [36] . In addition, female sex hormones adversely influence hepatic bile secretion and gallbladder function [37] . Estrogens increase cholesterol secretion and diminish bile salt secretion, while progestins act by reducing bile salt secretion and impairing gallbladder emptying leading to stasis [38] . These may partially explain the stronger association observed with overweight or obesity in women than in men.
Our meta-analysis has several strengths.
(1) This meta-analysis was based on 20 epidemiologic studies, which might minimize the possibility of selection bias. (2) Most of the included studies provided more than one RRs, which could be applicable to accurately subgroup analysis. (3) The included studies evaluated multiple confounders including smoking and alcohol. The relationships between BMI and risk of GBC in each study were derived from regression after adjustment at least for age and gender.
Our meta-analysis has limitations that affect interpretation of the true results. First, inadequate control for confounders may bias the results, leading to exaggeration or underestimation of risk estimates. Thus, when interpreting the association between excess body weight and GBC risk, possible unmeasured or residual confounding factors should be considered. Five studies were of acceptable quality (NOS < 7), mainly due to the adjustments made for confounders. Smoking and alcohol abuse is closely related to GBC risk. Subgroup analysis results also shown that overweight people with smoking and alcohol consumption were strongly associated GBC risk, while no significant association between overweight and the risk of GBC was found in those without smoking and alcohol consumption, suggesting that data from unadjusted studies might lead to an overestimation of overweight in the development of GBC. Interestingly, no differences were observed in the association between obesity and GBC incidence when stratified by smoking and alcohol consumption, suggesting that obesity might be an independent risk factor. Gallstone is closely related to GBC risk [39] . Meanwhile, obesity tends to be accompanied with DM, which is also associated with increased GBC risk [4, 40] . However, most studies did not adjust for these risk factors. This could have led to an overestimation of the true association between obesity and risk of GBC. Second, although BMI is the most commonly used anthropometric tool to assess relative weight and classify obesity, BMI cannot make the distinction between an excess body weight due to high levels of fat mass or muscle mass. Generally, an excess fat mass is more frequently associated with metabolic syndrome than a high level of muscle mass, leading to increased risk of GBC. Furthermore, obese individuals differ in regional body fat distribution. Adipose tissue now is considered as an endocrine organ, playing an important role in tumor microenvironment. Abdominal adiposity might play a more important role than peripheral type of obesity in the development of abdominal cancer. Other tools, such as waist circumference (WC), waist-to-height ratio (WHtR), and waist-to-hip ratio (WHR), which are more useful than BMI in determining abdominal adiposity, might be more sensitive in predicting the risk of abdominal cancer. However, little clinical evidence can be achieved to compare the screening potential of each tool. Third, several studies in this meta-analysis relied on self-reported weight and height data, which may attenuate the relative risk estimates. However, the SRRs for BMI ascertained by measurement were similar to those by self-reported. Finally, as in any meta-analysis, the possibility of publication bias is of concern, because a few studies with null results tend not to be published. However, the results from this study did not provide evidence for such a bias.
There was significant heterogeneity observed across studies about overweight and GBC risk, but the heterogeneity is low and acceptable with I 2 = 31.9%, so we could combine studies in a meta-analysis. We analyzed this review in both fixed effects and random effects, and found that they had no significant differences. Thus, the more conservative one, random effects, was chosen finally. Next, when we tried to carry out subgroup analysis to investigate sources of heterogeneity, statistical heterogeneity was lower in analysis of case-control studies, population based studies, Non-Asia studies and studies of BMI ascertainment by self-report, indicating that these might account for heterogeneity observed in studies about overweight and GBC risk.
In summary, findings of this meta-analysis provide evidence that excess body weight may increase GBC risk. Further studies that meet strict criteria on this subject are needed to strengthen the association between BMI and GBC risk, especially those adjusting potential confounding factors such as gallstones and DM.
